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The contributions of the –3 subsite and a putative +3 subsite to substrate positioning in ChiA from
Serratia marcescens have been investigated by comparing how ChiA and its –3 subsite mutant
W167A interact with soluble substrates. The data show that Trp – GlcNAc stacking in the –3 subsite
rigidiﬁes the protein backbone supporting the formation of the intermolecular interaction network
that is necessary for the recognition and positioning of the N-acetyl groups before the –1 subsite.
The +3 subsite exhibits considerable substrate afﬁnity that may promote endo-activity in ChiA
and/or assist in expelling dimeric products from the +1 and +2 subsites during processive hydrolysis.
 2011 Federation of European Biochemical Societies. Published by Elsevier B.V. All rights reserved.1. Introduction
Chitin, a b-1,4-linked linear polymer of N-acetyl-glucosamine
(GlcNAc), is the second most abundant biopolymer in nature, after
its analogue cellulose, acting as a structuring biomaterial in fungi,
crustaceans and arthropods [1]. In the polymer, each residue is
rotated 180 degrees relative to its neighbors. Chitinases, the en-
zymes that degrade chitin in nature, belong to glycosyl hydrolase
families 18 and 19 [2]. Due to the crystalline nature of chitin, sub-
strate accessibility is energetically demanding and enzyme-sub-
strate association is considered the rate limiting step of
hydrolysis [3,4]. In addition to a catalytic domain, many chitinases
contain at least one additional substrate-binding domain that may
help the enzyme in attaching to its substrate. The enzymes may
bind in an exo- (binding at chain ends) or endo- (binding at ran-
dom, internal, positions) fashion, and each of these binding modes
may be combined with some degree of processivity [5]. Processive
family 18 chitinases are thought to bind mainly in an exo-fashion
when acting on crystalline substrates [6] but have the potential to
bind in an endo-fashion, as is clearly seen when the enzymes act on
chitosan, a soluble polymeric chitin-derivative [7].chemical Societies. Published by EIn order to bind to and guide the insoluble substrate into the
active site cleft, many chitinases, including all those that are
known to act processively, have a path of conserved solvent ex-
posed aromatic residues leading from the chitin binding domain
to the active site cleft [8–12] (Fig. 1). The aromatic residues inter-
act with the pyranose rings through stacking interactions [13,14].
They are thought to play an important role in binding of the crys-
talline substrate [12,15] and they are critical for the ‘‘sliding’’ of the
polymeric substrate during processive action [10,16].
Chitinase A (ChiA) from Serratia marcescens hydrolyses chitin
from reducing chain ends in an exo-prossesive manner [6,11,17].
ChiA has several aromatic residues in its –6 to –3 glycon subsites
as well as on the surface of its chitin binding domain that extends
the surface binding cleft to the side where the non-reducing end of
the polymeric substrate binds [18]. Recently, it was shown that
Trp167 in subsite –3 (Fig. 1), interacting with the polymeric and
‘‘sliding’’ part of the substrate, is of particular importance for the
processive action for ChiA [11].
After a processive hydrolytic event, a dimeric product needs to
dissociate from subsites +1 and +2. Before dissociation, the dimeric
product stacks with a Trp residue in +1 (Trp275) and a Phe residue
in +2 (Phe396) (Fig. 1). Even though it has been suggested that
there are no subsites beyond +2 in ChiA [18,19], the length of the
active site cleft itself suggest that there is a ‘‘+3’’ subsite, and
possibly even a ‘‘+4’’ subsite, as seen by the addition of a modeledlsevier B.V. All rights reserved.
Fig. 1. Crystal structure of the active site of ChiA in complex with a (GlcNAc)8
molecule bound to subsites –6 to +2, with numbered subsites (1ehn) [35]. In
addition, two GlcNAc moieties bound to subsites +2 and ‘‘+3’’ in a complex of ChiB
with (GlcNAc)5 (1e6n) [36] are shown in a position that was derived after
superposing the two structures. Four aromatic amino acids interacting with the
ligand and located near the catalytic center are colored blue. These are: Trp167
(subsite –3), Trp539 (subsite –1/–2), Trp275 (+1), and Phe396 (+2). Four regions in
ChiA that potentially could interact with a GlcNAc moiety bound to a putative +3
subsite are labeled using roman numbers and colored: I (magenta),
G318G319K320G321, II (violet), F392Y393G394A395F396D397L398K399N400, III (dirty violet),
T416A417Y418, and IV (pink), K369. See text for further discussion.
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obtained with oligomeric substrates have indicated that ChiA may
indeed have sugar afﬁnity beyond the +2 subsite [19,20]. For
example, in one study it was concluded that (GlcNAc)5 binds pro-
ductively to the –3 to +2 and to the –2 to +3 subsites at approxi-
mately equal frequencies [20], despite the strong stacking
interaction in the 3 subsite (which represents a free energy
change of 1.8 kcal/mol [21]). This puzzling result may be taken
to suggest that there indeed is some sort of +3 subsite. The function
of this subsite remains somewhat elusive.
To gain further insight into the importance of the –3 and (puta-
tive) +3 subsite in ChiA and to understand structural factors steer-
ing substrate positioning in ChiA in general, we have studied
productive and inhibitory binding of fully acetylated and partially
de-acetylated chito-oligosaccharides and polymers to the wild-
type enzyme and to the W167A mutant. To analyze hydrolytic
and binding events, we have used standard enzymological meth-
ods as well as advanced mass spectrometry based analyses. The
results provide novel insight into the intricate substrate-binding
mechanisms of processive glycoside hydrolases.
2. Materials and methods
2.1. Chemicals
(GlcNAc)6, (GlcNAc)5 and (GlcNAc)4 were purchased from Sei-
kagaku (Japan, Tokyo). Chitin from crab shell was purchased from
Sigma–Aldrich (St. Louis, MO, USA).
2.2. Protein expression and puriﬁcation
ChiA-W167A and ChiA wildtype (WT) from S. marcescens were
over-expressed and puriﬁed as described elsewhere [11].
2.3. Preparation of partly de-acetylated chito-oligosaccharides
Partly de-acetylated chito-oligosaccharides were prepared
using chitosanase ScCsn46A (Swiss-Prot Q9RJ88) as described ear-
lier [22]. Chitosans with a fraction of N-acetylated units (FA) of 0.32
were prepared by homogeneous de-N-acetylation of chitin [23].Chitosan (as chitosan hydrochloride) was dissolved in water to
20 mg/ml and incubated with shaking in room temperature, over
night. An equivalent volume of 0.08 M sodium acetate buffer, pH
5.5 (containing 0.2 M NaCl), and 0.2 mg BSA was added. Chitosan
solutions (ﬁnal concentration of 10 mg/ml) were incubated in a
shaking water bath at 37 C, and the degradation reactions were
started by adding 0.5 lg ScCsn46A per mg chitosan. After 52 h,
the samples were immersed in boiling water for 5 min, followed
by a centrifugation to remove potential precipitates.
Chitosan and chito-oligosaccharides (CHOS) were separated on
three XK 26 columns, connected in series, packed with Superdex™
30 (Pharmacia Biotech, Uppsala, Sweden), with an overall dimen-
sion of 2.60  180 cm [24]. The buffer used was 0.15 M ammonium
acetate, pH 4.5. The elution buffer was pumped through the system
using a LC-10ADvp pump (Shimadzu GmbH, Duisburg, Germany)
delivering the buffer at a ﬂow rate of 0.8 ml/min. The relative
amounts of oligomers were monitored with a refractive index
(RI) detector (Shodex RI-101, Shodex Denko GmbH, Dusseldorf,
Germany), coupled to a CR 510 Basic Data logger (Campbell Scien-
tiﬁc Inc., Logan, UT, U.S.A.). For characterization of isolated chito-
oligomers, fractions of 3.2 ml were collected using a fraction
collector. Peaks were assigned using NMR as described previously
[24]. Fractions containing oligomers of DP8 were pooled and freeze
dried prior to further analysis. Using NMR, the average fraction of
acetylated sugars (FA) in the DP8 sample was determined to be 0.5.
2.4. Nano-ESI-q-TOF mass spectrometry
Nano-ESI-q-TOF Mass Spectrometry was used to study complex
formation between partly de-acetylated chito-oligosaccharides
(60 lM) and ChiA WT or ChiA-W167A (both at 5 lM) after 5 and
60 min of incubation. Screening for complex formation and top-
down analysis of detected complexes were performed as described
earlier [25]. Forall experiments the followingparameterswereused:
the ion-source temperature was set at 80 C, desolvation gas was
used at a ﬂow rate of 100 l/h, a potential of 900 V was applied to
the capillary tip, and the sampling cone voltage was set to 80 V.
For collision-induced dissociation (CID)-analysis, the parent ion
was selected by the ﬁrst quadrupolewhere about ten scanswere ac-
quired under the following conditions: the low- and high-mass res-
olution of the quadrupole for isolation where set to 0; the ion
acceleration voltage was set to 4 eV. The parent ion was subse-
quently fragmented in the collision cell using argon as collision gas
at a nominal pressure of 23 psi and initial ion acceleration voltage
of 10 V that was increased stepwise during continuous signal acqui-
sition. The MS and MS/MS signals were recorded on the orthogonal
TOF analyzer over a range of m/z 100–5000 at a scan rate of 2.0 s/
scan. All scans were displayed in a single spectrum.
2.5. Matrix assisted laser desorption/ionization mass spectrometry
MALDI TOF and MALDI TOF-TOF mass spectrometry were used
to determine the composition and sequence of partly de-acetylated
chito-oligosaccharides (60 lM) before and after interaction with
5 lM ChiA-WT or ChiA-W167A for 5 and 60 min. For sequence
determination reducing end derivatization was applied as
described earlier by Bahrke et al. [26]. Mass spectrometric condi-
tions were as described by Cederkvist et al. [27].
2.6. HPLC analysis of the degradation of (GlcNAc)6, (GlcNAc)5 and
(GlcNAc)4
Chito-oligosaccharides (Seikagaku Corp., Tokyo, Japan) were
separated with regard to size and anomeric conﬁguration by
normal phase HPLC using a Waters Acquity UPLC BEH-amide
1.7 lM 2.1  50 mm column (Waters Cooperation). (GlcNAc)6,
Fig. 2. UHPLC chromatograms showing products released after partial hydrolysis of
(GlcNAc)5 (500 lM) with 0.25 lM ChiA-W167A after t = 0 s (top), 20 s (middle), and
60 s (bottom) . Each oligosaccharide produces two peaks representing the a- and b-
anomer, the a-anomer eluting ﬁrst. The equilibrium a:b ratio is approximately
60:40. Enzymatic cleavage generates b-anomeric chain ends. The a:b ratio of the
individual oligomers was the same at both t = 20 s and 60 s. Reactions were set up
with very short incubation times and product mixtures were analyzed immediately
to prevent newly formed reducing ends from reaching anomeric equilibrium prior
to the UPLC analysis.
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tate, pH 6.1, to a concentration of 500 lM. ChiA-W167A were
added to a concentration of 0.25 lM, and the reactions were incu-
bated for 20 s at 37, 600 rpm. The reactions were then stopped by
adding an equal volume of 100% acetonitrile. The reaction products
were immediately analyzed by isocratic ultra high performance
liquid chromatography (UHPLC). Typically, 1 ll reaction mixture
was injected and the column was eluted isocratically at 0.4 ml/
min with 76% (v/v) acetonitrile at 30 C. Chito-oligosaccharides
were monitored by measuring absorbance at 210 nm and quanti-
ﬁed by comparing peak areas with peak areas obtained from sam-
ples with known concentrations. Using these standard samples, it
was established that there was a linear correlation between peak
area and oligosaccharide concentration within the concentration
range used in this study. Data for wild type ChiA, obtained using
an essentially identical procedure, were taken from a previous
study [28].
2.7. Kinetic analysis
The kinetic constants kcat and Km for ChiA-W167A were deter-
mined using the (GlcNAc)4 substrate [28], which, at the substrate
concentrations and in the time frames used for kinetic analysis is
predominantly (>95%) converted to two (GlcNAc)2. Reaction mix-
tures with 8 different (GlcNAc)4 concentrations varying from 2 to
250 lM, in 20 mM sodium acetate buffer, pH 6.1 and 0.1 mg/ml
BSA (ﬁnal concentrations) were pre-incubated in a 37 C water
bath for 10 min before the reactions were started by adding
puriﬁed enzyme (10 nM ﬁnal concentration) and a total reaction
volume of 1.0 ml. After starting the reaction, samples of 50 ll were
withdrawn at regular time intervals over a total period of
2–25 min, and the enzyme was inactivated by adding 50 lL aceto-
nitrile. All of the reactions were run in duplicate, and all of the
samples were stored at –20 C until UHPLC analysis. Reaction con-
ditions were such that the rate of hydrolysis of (GlcNAc)4 was
essentially constant over time, with the (GlcNAc)4 concentration
always staying above 80% of the starting concentration. The slopes
of plots of 0.5 times the (GlcNAc)2 concentration versus time were
taken as the hydrolysis rate. The rates were plotted versus sub-
strate concentration in a Michaelis-Menten plot and the experi-
mental data were ﬁtted to the Michaelis-Menten equation by
nonlinear regression using the Origin v7.0 (OriginLab Corporation,
Northampton, MA).
2.8. Degradation of chitosan
A 20 mg/ml chitosan solution (in doubly distilled H2O) was
mixed with equal volumes of buffer (0.08 M NaAc, 0.2 M NaCl,
pH 5.5, and 0.1 mg/ml bovine serum albumin, giving a ﬁnal chito-
san concentration of 10 mg/ml. Hydrolysis was carried out at
37.0 C in a shaking incubator using an enzyme concentration of
5 lg/ml. Degradation was allowed to proceed to a maximum
degree of scission. The reactions were stopped by lowering the
pH to 2.5 by the addition of 1.0 M HCl and immersing the samples
in boiling water for 2 min. Sequence analyses of resulting CHOS
were performed as described in Section 2.5.
3. Results and discussion
3.1. The putative +3 subsite
Previous studies of binding of (GlcNAc)4–6 to ChiA revealed sev-
eral competing productive binding modes for (GlcNAc)6 (–4 to +2,
–3 to +3, and –2 to +4) and (GlcNAc)5 (–2 to +3, –3 to +2), whereas
(GlcNAc)4 was found to bind only from -2 to +2 [20]. These obser-
vations suggest the presence of a +3 subsite. 70% of the dimersobtained when incubating ChiA with (GlcNAc)5 had the b-anomer
conﬁguration (in equilibrium this would be 40%), indicating
approximately equal preferences for binding to –3 to +2 and to –
2 to +3 [20]. Fig. 2 shows that about 90% of the dimers produced
upon incubating (GlcNAc)5 with ChiA-W167A have the b-anomer
conﬁguration, showing that the pentamer now predominantly
binds from –2 to +3 and conﬁrming the presence of considerable
substrate afﬁnity in positive subsites beyond +2. Studies with
(GlcNAc)6 conﬁrmed a shift in the ratio of productive binding
events towards events that involve more of the positive subsites
(results not shown).
Fig. 1 highlights regions of ChiA that might interact with sugars
in positive subsites beyond +2. Each of these regions contain resi-
dues that would seem able to form hydrogen bonds with a +3
sugar, either directly or via a water molecule. The G318G319K320
G321 sequence (region I in Fig. 1) containing K320 is intriguing be-
cause it is an insert relative to many other family 18 chitinases
and because the presence of three glycines suggests large confor-
mational ﬂexibility. The F392Y393G394A395F396D397L398K399N400 and
T416A417Y418 sequences (region II and III in Fig. 1, respectively) con-
tain several residues potentially capable of hydrogen bonding.
Judged by B-factors, these residues are all in relatively mobile parts
of the enzyme, meaning that their involvement in substrate bind-
ing could be facilitated by conformational adaptation. Finally, K369
is situated in a position to interact with the glycosidic bond
between the GlcNAc moieties in +2 and +3 [18].
Studies with both crystalline chitin [29] and chitosan [7] indi-
cate that ChiA has signiﬁcant endo-activity. Endo-binding is bene-
ﬁcial because for most substrates, the number of ‘‘exo-binding
sites’’ (i.e., chain ends) is much lower than the number of ‘‘endo-
binding sites’’. Clearly, afﬁnity in positive subsites beyond +2
would be beneﬁcial for an endo-type of substrate association.
Another possible role of a +3 subsite could be in promotion of
product displacement. During processive hydrolysis, the dimeric
product bound to the +1 and +2 subsites needs to dissociate before
the polymeric chain can slide by two sugar units to become the
new substrate. It is conceivable that afﬁnity in the +3 region could
promote displacement and subsequent release of the dimeric prod-
Fig. 3. Nano-ESI-q-TOF spectra of reaction mixtures obtained after incubating a
CHOS-DP8 mixture (60 lM, FA = 0.50) with ChiA variants (5 lM) for 60 min at room
temperature. Panel A shows the results after incubating the DP8 material with
ChiA-WT; the spectrum displays the free enzyme and a broad peak corresponding
to ChiA-WT binding to hydrolysis products. There is no signal for a complex of ChiA-
WT with DP8 CHOS. Panel B shows the results after incubating the DP8 material
with ChiA-W167A and displays two dominating signals. Deconvolution yielded a
molecular weight of 58 434 ± 3 Da for the free enzyme (theoretical value 58 435 Da)
and an average mass of 60 088 ± 3 Da (theoretical value for the enzyme complexed
to CHOS DP8 with an FA 0.5 would be 60 035 Da). The latter complexes (at m/z
4005.89) were subjected to collision-induced dissociation and the resulting MS/MS
spectrum showed all three types of DP8 oligomers present in the original mixture,
D4A4, D3A5 and D5A3, were bound to the enzyme (Panel C).
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K320 could play a ‘‘pulling’’ role.
3.2. The –3 subsite
The crystal structure of ChiA-W167A as well as ChiA-W167A in
complex with allosamidin has been determined previously (pdb
ﬁle 1  6 l and 1  6n) revealing no other structural change than
the removal of the indole side chain at position 167. To further
explore the role of Trp167 in substrate positioning, kcat and Km were
determined for (GlcNAc)4 and found to be 97 ± 9 s-1 and 333 ± 44
lM (Fig. S1; corresponding wild-type values are 33 ± 1 s-1 and
9 ± 1 lM [28]). (GlcNAc)4 is a substrate that does not interact with
Trp167 in its productive binding mode, occupying subsites –2 to +2
[20]. Even so, the results show considerable mutational effects on
the kinetic parameters. In particular, there is a dramatic 37-fold in-
crease in the Km value. Substrate afﬁnity may to some extent be re-
ﬂected in the Michaelis-Menten constant Km, and if so, this
suggests that even though there is no direct binding to Trp167 dur-
ing hydrolysis, this residue takes part in guiding the substrate from
the solution and into the active site of ChiA. Similar roles have been
proposed for aromatic residues in glycon-binding positions that
are more remote from the catalytic center [9].
The effect of Trp167 in substrate positioning is also reﬂected in
interactions with partly de-acetylated oligomeric substrates. When
partly de-acetylated chito-oligosaccharides of degree of polymeri-
zation (DP) of 8 and an average degree of acetylation of 50% (FA 0.5)
were incubated for 5 and 60 min with ChiA-WT, all were degraded
to shorter fragments as shown by nano-ESI-q-TOF-MS and MALDI-
TOF-MS (Fig. 3A and Fig. S2). In contrast, when ChiA-W167A was
incubated with the same substrate, several CHOS of DP8 remained
in solution after 5 and even 60 min of incubation time (Fig. S2). For
ChiA-W167A only, the nano-ESI-q-TOF mass spectra (Fig. 3B)
revealed complexes of ChiA-W167A with DP8 CHOS, indicating for-
mation of non-productive complexes. Collision-induced dissocia-
tion and MS/MS experiments showed that three different DP8
oligomers, D4A4, D3A5 and D5A3, were bound to the enzyme
(Fig. 3C). Sequencing of the remaining CHOS in the reaction mix-
ture [26,27] showed that all contained two or more consecutive
acetylated sugars (Table S1) meaning that these CHOS could be
cleaved by the wild-type enzyme [17] (Table S1).
Previously, it has been suggested that non-productive binding
of partially de-acetylated CHOS is due to binding of a deacetylated
sugar to the –1 subsite [25]. Such binding would be non-productive
because of the involvement of the acetamidogroup of the –1 sugar
in catalysis, [30]. Apparently, formation of non-productive com-
plexes is promoted by removal of Trp167, since substrates that
can be cleaved by the wild-type enzyme remain un-cleaved. It thus
seems that for partially deacetylated substrates aromatic stacking
with Trp167 plays a crucial role in overcoming the energetic penalty
connected to binding an acetylated sugar in the –1 subsite.
When acting on chitosan, the hydrolytic rate of ChiA-W167A
decreases relatively rapidly [11], which is likely due to the reduced
ability to cleave partly deacetylated substrates demonstrated
above. As a ﬁnal check of the role of Trp167 in substrate binding
and positioning, we analyzed products obtained after degrading a
chitosan with a degree of acetylation of 66% with ChiA-WT or
ChiA-W167A, to a maximum degree of scission [11]. An impression
of product sequences was obtained by sequencing the DP5 product
fraction using reducing end labeling and MALDI-TOF-TOF-MS/MS
analysis [26]. The results, depicted in Table 1, reveal a clear prefer-
ence for an acelytated unit in subsites –4 and –2, in addition to the
absolute preference in –1, for ChiA-WT while the ChiA-W167
mutant has no strong preferences. Such preferences are likely cen-
tral in recognizing and orienting the N-acetyl groups before the –1
subsite.In addition to aromatic stackings, there are other important
intermolecular interactions in subsites –4, –3, and –2 (Fig. 4).
Arg172 and Gly171 interact with the carbonyl oxygen while
Ser210, and to a lesser extent Glu208 and His229, interact with
O6 subsite –4. In subsite –3, there is a hydrogen bond between
Thr276 and the carbonyl oxygen in addition to a hydrophobic
interaction between the methyl of the N-acetyl group with
Leu277 and His229. Moreover, there is a bifurcated hydrogen bond
between Arg172 and Glu473 with O6. In subsite –2, Trp 275 and
Table 1
Sequence determination of CHOS of DP = 5 obtained after hydrolysis of chitosan (FA
0.66) with ChiA-WT and ChiA-W167A to a maximum degree of scission [11].
CHOS m/z CHOS Sequence
WT W167A
Pentamer 1124.252 D3A2 – DADDA-N
– DDDAA-N
1166.265 D2A3 DADAA-N ADADA-N
– ADDAA-N
– DDAAA-N
1208.269 D1A4 AADAA-N ADAAA-N
N represents the reducing end tag.
Fig. 4. Crystal structure of the active site of ChiA (1ehn) [35] highlighting non-
aromatic interactions in subsites –4, 2, and 2 that are likely to be important in
the recognizing and orientation of N-acetyl groups.
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forms a hydrogen bond with O6 through the side chain as well.
Trp539 and Arg172 interact with the carbonyl oxygen and there
is an interaction Glu473 with O3. Arg172 and Glu473 are especially
interesting since these interact with several GlcNAc moieties, all
three and the –2 and –3, respectively, and that they can form
strong electrostatic – dipole interactions. The removal of Trp167
may result in an increase in protein dynamics, and hence disrup-
tions of the interactions discussed above that are responsible for
substrate positioning, as there is no longer a ﬁxing of the protein
backbone through the stacking with the GlcNAc moiety in the –3
subsite. Support for this is the 5 cal/K mol increase in entropy
change when allosamidin binds to ChiA-W167A compared to
ChiA-WT [21]. It has been observed through NMR and ITC mea-
surements that when the distance of the protein backbone and
the ligand is extended, the entropy change rises due to an increase
in protein dynamics [31–33].
4. Concluding remarks
Our results show that there is considerable substrate-binding
afﬁnity in what could be called a +3 subsite. This afﬁnity may
contribute to ChiA’s endo-activity. Endo-enzymes have typically
open active site clefts [5], while ChiA takes advantage of a deep
substrate cleft to degrade chitin in exo-processive manner [6,17].
Substrate-association is the rate-limiting step in enzymatic degra-dation of chitin [3], and it is quite conceivable that the most chal-
lenging binding mode of all, namely binding in an endo-fashion for
a typical exo-enzyme, depends on the presence of binding afﬁnities
beyond both the 2 and the +2 subsites where there will be less
steric hindrance. Being able to hydrolyze chitin in an endo-manner
increases the enzymes number of possible binding sites on a poly-
mer dramatically. The afﬁnity in the +3 subsite may also assist in
expelling dimeric products from the +1 and +2 subsites during pro-
cessive hydrolysis.
Trp167 in the –3 subsite is a strong binding residue and it ap-
pears that its stacking to the substrate rigidiﬁes the protein
backbone supporting the formation of the intermolecular inter-
action network between enzyme and substrate that is necessary
for the recognition and positioning of the N-acetyl groups before
the –1 subsite were these takes part in the substrate assisted
hydrolysis of the substrate. Moreover, Trp167 also seems crucial
for providing the binding energy that is needed to promote ener-
getically unfavorable binding of an acetylated sugar in the –1
subsite for partially deacetylated substrates. The results also sug-
gest that Trp167 is important for recruiting substrates to the cat-
alytic center, in line with what has been suggested for a similar
residue (Trp48) in the family 18 chitinase Chit-42 of Trichoderma
harzianum [34].
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